Breast cancer has become the second leading malignancy among women in both developing and developed countries. Cancer statistics indicate that ∼226 870 new breast cancer cases were reported in 2012 in the United States, accounting for 29% of all new female cancer cases. Nearly 39 510 women were estimated to die as a result of breast cancer, accounting for 14% of all cancer deaths.^[@bib1]^ Despite the advances that have been made in the treatment of breast cancer, the major cause of breast cancer deaths continues to be metastasis.

Breast cancer is a heterogeneous disease, and breast cancer metastasis is a multistep process that results from genetic alterations, including the activation of oncogenes and the loss of function of tumor suppressors.^[@bib2],\ [@bib3]^ Numerous metastasis-related oncogenes have been characterized in breast cancers. HER-2 (human epithelial receptor 2) is an example of an oncogene that, when activated, contributes to more aggressive behavior in breast cancers.^[@bib4],\ [@bib5]^ Metadherin (MTDH) is another oncogene that has an important role in breast cancer metastasis. The results of our previous studies have demonstrated that MTDH promotes metastasis and chemoresistance and is associated with poor clinical outcomes in breast cancer patients.^[@bib6],\ [@bib7],\ [@bib8]^ In addition, many tumor suppressors, such as p53 and BRCA1, have been reported to be related to breast cancer metastasis. Though many targeted therapies have improved the survival of breast cancer patients,^[@bib9]^ a proportion of patients will eventually die as a result of metastasis. Therefore, there is an urgent need to identify novel genes and reveal the detailed mechanisms underlying breast cancer metastasis.

Breast cancer cell 2 (*BRCC2*, also known as BH3-like motif containing, cell death inducer) was originally identified as an ∼1.2-kb transcript in the MDA-MB-231 human breast cancer cell line. The longest predicted open reading frame of *BRCC2* is 862 bp, and its mRNA encodes a protein that is 108 amino acids in length. *BRCC2* is an intronless gene that has been mapped to human chromosome 11q24.1 using fluorescence *in situ* hybridization.^[@bib10],\ [@bib11]^ The 11q24.1 region is an area that is characterized by the extensive loss of heterozygosity in cancers, and the loss of heterozygosity is related to poor prognoses.^[@bib12],\ [@bib13],\ [@bib14]^ Previously, we found that *BRCC2* downregulation was an independent prognostic factor of distant metastasis-free survival in breast cancer.^[@bib15]^ In the present study, we aimed to explore the tumor suppressor function of *BRCC2* in breast cancer. We found that the expression of *BRCC2* was significantly downregulated in human breast cancer lesions compared with paired normal breast tissues. We also demonstrated that *BRCC2* could inhibit the growth and metastasis of breast cancer cell lines, both *in vitro* and *in vivo*. Our present manuscript suggests that *BRCC2* acts as a potential tumor suppressor in breast cancer.

Results
=======

Expression of BRCC2 was downregulated in breast cancer tissues
--------------------------------------------------------------

We previously demonstrated that *BRCC2*-negative tumors are associated with significantly lower metastasis-free and overall survival in breast cancer.^[@bib16]^ These findings suggested that *BRCC2* may function as a tumor suppressor in breast cancer. To test this hypothesis, we first compared the expression levels of *BRCC2* in 39 breast cancer tissue samples to those in the adjacent normal tissues using western blotting. *BRCC2* protein levels were found to be reduced in the tumor lesions compared with the matched normal tissue lesions in all of the samples (*P*=0.0012) ([Figure 1a](#fig1){ref-type="fig"}), suggesting a possible role for *BRCC2* in the development or progression of breast cancer.

Establishment of stable BRCC2 transfectants in breast cancer cell lines
-----------------------------------------------------------------------

We used MDA-MB-231 cells to establish a stable cell line that constitutively overexpressed the *BRCC2* protein with the aim of revealing the role that *BRCC2* expression has in the development or progression of breast cancer. We also used shRNA to generate a stable *BRCC2* knockdown in the T47D breast cancer cell line. The transfection efficiency was confirmed using western blotting and qRT-PCR analyses. As shown in [Figures 1b and c](#fig1){ref-type="fig"}, the MDA-MB-231 cells that had been transfected with the *BRCC2* expression plasmid displayed significantly increased *BRCC2* expression at both the mRNA and protein levels compared with the vector cell lines. In addition, the T47D cells that had been transfected with the *BRCC2* shRNA plasmid displayed significantly decreased *BRCC2* expression at both the mRNA and protein levels compared with the control cells.

BRCC2 inhibited breast cancer cell proliferation
------------------------------------------------

We first explored the effects of *BRCC2* expression on cell growth using the MTT assay. As shown in [Figure 2a](#fig2){ref-type="fig"}, *BRCC2* overexpression significantly inhibited the growth of MDA-MB-231 cells (*P*=0.034), whereas *BRCC2* knockdown significantly enhanced the growth of T47D cells (*P*=0.017) ([Figure 2b](#fig2){ref-type="fig"}). Next, we performed a clonogenic assay to confirm the effects of *BRCC2* on proliferation. We found that *BRCC2* overexpression dramatically reduced the colony formation efficiency of MDA-MB-231 cells (*P*=0.0005), whereas the colony formation efficiency was dramatically increased in the *BRCC2* shRNA cell lines (*P*=0.001) ([Figures 2c and d](#fig2){ref-type="fig"}). As Ki67 antigen is an important marker of cell proliferation, we next examined the Ki67 by immunofluorescence staining. As shown in [Figure 3](#fig3){ref-type="fig"}, we found that the overexpression of *BRCC2* in MDA-MB-231 cells significantly downregulated Ki67 staining (*P*=0.008). Also knockdown of BRCC2 in T47D cells dramatically upregulated the staining of Ki 67 (*P*=0.0003). These results suggested that *BRCC2* could significantly inhibit the proliferation of breast cancer cells.

BRCC2 inhibited breast cancer cell mobility
-------------------------------------------

We next assessed whether *BRCC2* could affect the ability of breast cancer cells to migrate and invade using a transwell assay. *BRCC2* overexpression inhibited both migration (84.67±2.52 *versus* 44.33±3.21, *P*\<0.0001) and invasion (44.00±2.65 *versus* 26.67±1.15, *P*=0.0004) in MDA-MB-231 cells. In addition, *BRCC2* knockdown in T47D cells significantly promoted cell migration (20.33±2.52 *versus* 32.67±2.08, *P*=0.003) and invasion (13.33±1.53 *versus* 22.00±1.73, *P*=0.0003) ([Figure 4](#fig4){ref-type="fig"}). These results indicated that *BRCC2* significantly inhibited the invasion and migration of breast cancer cells.

BRCC2 inhibited tumorigenesis and metastasis *in vivo*
------------------------------------------------------

To explore the inhibitory effects of *BRCC2* on tumorigenesis *in vivo*, the cells were injected subcutaneously into the flanks of nude mice. The diameters of the tumors were measured every 3 days. We found that the mice that had been injected with the control MDA-MB-231 cells formed tumors on the sixth day, while the mice that had been injected with *BRCC2*-overexpressing MDA-MB-231 cells did not form tumors until the fifteenth day. The tumors in the *BRCC2* overexpression group grew very slowly compared with those in the mice that had been injected with the control cells during the subsequent days ([Figure 5a](#fig5){ref-type="fig"}). Similar results were observed in the T47D cells. We found that the *BRCC2* knockdown cells formed tumors earlier and that the tumor volumes were much larger in those that were formed from the knockdown cells than in those that were formed from the control cells ([Figure 5b](#fig5){ref-type="fig"}). As shown in [Figure 5c](#fig5){ref-type="fig"}, the average tumor volume of MDA-MB-231 control was 1.01±0.135 cm^3^ while the BRCC2 group was only 0.175±0.08 cm^3^ (*P*=0.0004). Similar with these, the shBRCC2 group were dramatically larger than the control group in T47D cells (0.723±0.141 *versus* 0.134±0.05, *P*=0.002). These results suggested that *BRCC2* inhibits breast cancer cell xenograft formation and growth *in vivo*.

We further investigated the effects of *BRCC2* on breast cancer lung metastasis using MDA-MB-231 cells *in vivo*. An equal number of control and *BRCC2*-overexpressing breast cancer cells were injected into the lateral tail veins of 4- to 5-week-old nude mice. As shown in [Figure 5d](#fig5){ref-type="fig"}), all ten of the lungs that were isolated from the mice that had been injected with the control cells exhibited extensive metastases on the surfaces, while only one lung from the *BRCC2*-overexpressing mice displayed metastases (*P*\<0.0001). The lungs were then fixed in 10% formalin and the lung sample sections were stained using hematoxylin and eosin. We found that the lungs that were isolated from the mice that had been injected with the control cells contained 28.52±6.38 metastatic breast cancer foci, whereas the mice that had been injected with cells in which *BRCC2* had been upregulated displayed 5.31±3.87 metastatic foci under the microscope (*P*\<0.0001). The metastatic foci in the control groups were also significantly larger than the BRCC2 group ([Figure 5e](#fig5){ref-type="fig"}). These results further confirmed that *BRCC2* could significantly inhibit breast cancer metastasis *in vivo*.

BRCC2 inhibited tumor metastasis via activation of the Akt pathway
------------------------------------------------------------------

The PI3K/Akt pathway has important roles in the proliferation, migration and invasion of various cancer types, including breast cancer. Thus, we determined whether the Akt pathway was involved in *BRCC2*-mediated tumor metastasis. We evaluated the effects of *BRCC2* on the Akt pathway in MDA-MB-231 and T47D cells by measuring the phosphorylation profile of Akt at Ser 473 and Thr 308. As shown in [Figure 6a](#fig6){ref-type="fig"}, upregulation of *BRCC2* significantly inhibited the phosphorylation of Akt Ser 473 (*P*\<0.0001), Akt Thr 308 (*P*\<0.0001) and knockdown of *BRCC2* dramatically activated the Akt Ser 473 and Thr 308 (both *P*\<0.0001). To test whether the Akt pathway was involved in the anti-metastatic function of *BRCC2*, we pretreated the T47D cells with LY294002 for 1 h, after which point we detected the migration ability of the control and *BRCC2*-shRNA cells using a transwell assay. We found that the number of *BRCC2*-shRNA cells that had migrated was significantly decreased after LY294002 treatment, while there was only a slight decrease in the number of control T47D cells that had migrated ([Figure 6b](#fig6){ref-type="fig"}). We further tested the role of Akt in *BRCC2*-induced migration by knocking down Akt expression using siRNA. The Akt knockdown efficiency was detected using western blotting at 24 h after transfection ([Figure 6c](#fig6){ref-type="fig"}). As shown in [Figure 6d](#fig6){ref-type="fig"}, the migration ability that was induced by *BRCC2* was obviously attenuated following Akt knockdown using siRNA (*P*=0.0003). The results confirmed that the Akt pathway was involved in *BRCC2*-mediated metastasis in breast cancer.

The matrix metalloproteinase (MMP) family has important roles in both tumor angiogenesis and metastasis.^[@bib17],\ [@bib18]^In addition, PI3K/Akt has been reported to enhance tumor progression by inducing MMP expression.^[@bib19],\ [@bib20]^ Therefore, we next examined whether *BRCC2* inhibited tumor metastasis via activation of the Akt-mediated MMP pathway. As shown in [Figure 7a](#fig7){ref-type="fig"}, the mRNA levels of MMP-2 and MMP-9 were upregulated in the *BRCC2* knockdown T47D cells and were decreased in the *BRCC2*-overexpressing MDA-MB-231 cells. Similar results were observed in the tumors that were isolated from the mice (data not shown). When we pretreated the *BRCC2* knockdown cells with an Akt inhibitor or Akt siRNA, both MMP-2 and MMP-9 levels were dramatically downgegulated ([Figures 7b and c](#fig7){ref-type="fig"}, respectively). Our data demonstrated that *BRCC2* inhibited cell mobility via Akt-mediated regulation of MMP-2 and MMP-9.

Discussion
==========

Breast cancer is one of the most common cancers in the world. Despite the decline in breast cancer mortality, a number of breast cancer patients develop metastatic tumors even after surgical removal of the primary tumors. Therefore, metastasis continues to be the main obstacle to the effective treatment of breast cancer, and there is an urgent need to identify novel molecular factors that lead to the invasiveness and metastasis of breast cancer. In the present manuscript, we identified *BRCC2* as a candidate target gene for the inhibition of breast cancer growth and metastasis.

*BRCC2* is a proapoptotic molecule and is both a cytosolic and mitochondrial protein. *BRCC2* has been reported to induce a caspase-dependent mitochondrial cell death pathway.^[@bib11]^ Previously, we found that *BRCC2* interacts with Bcl-X~L~ and that the expression of *BRCC2* is associated with Bax activation and increases in the cytosolic levels of cytochrome *c*. In addition, *BRCC2* downregulation in breast cancer is correlated with poorer overall, cause-specific and local relapse-free survival and was determined to be an independent prognostic factor for distant metastasis-free survival.^[@bib15]^ Cavalli *et al.*^[@bib21]^ reported that loss of heterozygosity at the *BRCC2* locus was more frequently detected in early-onset breast cancer patients. In addition, Nakanishi *et al.*^[@bib22]^ reported that *BRCC2* seems functionally relevant to the pathogenesis of pathological myopia and is potentially a candidate gene for high myopia in the Chinese Han population.^[@bib23]^ All of these data strongly support a role for *BRCC2* as a tumor suppressor gene.

Tumor suppressor genes can inhibit tumor growth and invasive and metastatic potential. Loss of tumor suppressor genes may lead to a malignant cancer phenotype. Previous studies have reported that the expression levels of tumor suppressor genes, such as p53, p21 and PTEN, were decreased in tumors compared with normal tissues.^[@bib24],\ [@bib25],\ [@bib26]^ To confirm the tumor suppressor function of *BRCC2*, we first examined the levels of *BRCC2* in breast cancer samples and matched normal breast tissue samples using western blotting. We found that *BRCC2* was significantly reduced in cancers, which suggested that *BRCC2* was a candidate tumor suppressor gene in breast cancer. To further explore the role of *BRCC2* in breast cancer, we transfected breast cancer cells either to ectopically express *BRCC2* or to inhibit its expression using RNA interference. Knockdown of *BRCC2 in vitro* significantly enhanced the proliferation, migration and invasion of breast cancer cells, while overexpression of *BRCC2* inhibited cell growth and mobility. Our *in vivo* experiments also demonstrated that *BRCC2* markedly inhibited tumorigenesis, growth and metastasis to the lungs. These data further supported the tumor suppressor role of *BRCC2* in breast cancer.

The activated Akt pathway has been demonstrated to have an essential role in breast cancer proliferation, motility and invasion,^[@bib27],\ [@bib28],\ [@bib29]^ and MMP-2 and MMP-9 have been shown to enhance cancer migration and invasion via regulation of the Akt pathway.^[@bib30],\ [@bib31]^ Higher expression of MMP-2 and MMP-9 were observed in breast cancer tissues compared with normal samples,^[@bib32],\ [@bib33]^ and higher levels of MMP-2 and MMP-9 were associated with both an increased risk of lymph node metastases and poor prognoses.^[@bib34],\ [@bib35]^ MMP-2 and MMP-9 degrade type I and IV collagen and breakdown the extracellular matrix, contributing to cancer metastasis. Therefore, we investigated whether *BRCC2* suppressed tumorigenesis and metastasis in breast cancer via activation of the Akt-mediated MMP pathway. Our results indicated that the levels of p-Akt, MMP-2 and MMP-9 were significantly decreased in *BRCC2*-overexpressing cells, and p-Akt, MMP-2 and MMP-9 were upregulated in *BRCC2* knockdown cells. When we pretreated the *BRCC2* knockdown cells with an Akt inhibitor or Akt siRNA, the levels of MMP-2 and MMP-9 were dramatically decreased. In addition, the increased migration and invasion ability of *BRCC2* knockdown cells was also inhibited. All of these data revealed that *BRCC2* suppresses the migration and invasion activities of breast cancer cells via activation of the Akt-mediated MMP-2 and MMP-9 pathways. However, how BRCC2 might regulate the Akt pathway is still unknown. Previously studies have reported that Akt could be regulated by many genes, including PH domain leucine-rich repeats protein phosphatase,^[@bib36]^ phosphoinositide-dependent kinase-1 (PDK1),^[@bib37],\ [@bib38]^ phosphatase and tensin homolog (PTEN),^[@bib38]^ and miRNAs.^[@bib39],\ [@bib40]^ So in our following studies, we will revealed the detailed mechanism about how BRCC2 might regulate Akt pathway in breast cancers by using the global expression profile microarray and microRNA microarray.

In conclusion, we found that *BRCC2* expression was generally lower in cancer lesions compared with matched non-tumor tissues. Our *in vitro* and *in vivo* data demonstrate that *BRCC2* has a vital function in inhibiting cell mobility, which is at least partially controlled by the Akt-mediated MMP-2 and MMP-9 pathway. Thus, we propose that the candidate tumor suppressor gene *BRCC2*, together with the Akt signaling pathway, maybe an effective novel therapeutic target in the management of breast cancer.

Materials and Methods
=====================

Patients and tissue samples
---------------------------

A total of 39 breast cancer tissue samples, along with matched normal tissues, were used in this study. All of the samples were obtained from the Qilu Hospital of Shandong University between 2010 and 2011. For all of the patients who participated in this study, written informed consent was obtained, which was approved by the Ethical Committee of Shandong University.

Cell lines and reagents
-----------------------

The breast cancer cell lines (MCF-7 and T47D) were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA). Antibodies that had been raised against Akt and phosphorylated Akt (Ser 473 and Thr 308) were purchased from Cell Signaling Technology (Beverly, MA, USA), and a mouse anti-*BRCC2* antibody was obtained from Abcam (Cambridge, MA, USA). The Akt inhibitor LY294002, signal silence Akt siRNA and its control siRNA were purchased from Cell Signaling Technology. All of the remaining reagents were obtained from Sigma-Aldrich (St. Louis, MO, USA), unless otherwise specified.

Plasmid construction and transfection
-------------------------------------

For overexpression, the cDNA representing the complete open reading frame of *BRCC2* was cloned into the pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA) to generate the *BRCC2* expression plasmid. The expression plasmid was verified by sequencing both strands and was used to transfect the MDA-MB-231 cells to establish the *BRCC2* overexpression cell line. For *BRCC2* RNA interference, the control and *BRCC2* shRNA plasmids (sc-96672-SH) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The transfection efficiency of *BRCC2* was confirmed by western blotting and quantitative reverse-transcription PCR (qRT-PCR) analyses.

Western blotting analysis
-------------------------

Equal amounts of protein were separated using SDS polyacrylamide gels and were electrotransferred to polyvinylidene fluoride membranes (Millipore, Bedford, MA, USA). The membranes were immunoblotted overnight at 4 °C with primary antibodies, followed by their respective secondary antibodies. β-Actin was used as the loading control.

Quantitative reverse-transcription PCR
--------------------------------------

RNA was extracted using TRIzol reagent, according to the manufacturer\'s recommended protocol (Invitrogen). qRT-PCR was performed using Applied Biosystems (Foster City, CA, USA) StepOne and StepOne Plus Real-Time PCR Systems. GAPDH was used as a loading control. The experiments were repeated a minimum of three times to confirm the results.

Cell proliferation assay
------------------------

A 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium (MTT) assay was used to assess cell proliferation. The cells were seeded and 20 μl of the MTT solution (5 mg/ml) was then added to each well at the indicated time. The absorbance at 490 nm was measured using a microplate reader (Bio-Rad, Hercules, CA, USA).

Clonogenic assay
----------------

The cells were seeded in 6-cm dishes at a density of 300 cells per dish. After incubation for 14 days, the colonies were fixed with methanol for 10 min and stained with crystal violet for 15 min, after which point the number of colonies containing more than 50 cells was scored.

Transwell assay
---------------

Migration and invasion assays were performed as previously described.^[@bib8],\ [@bib41]^ Invasion assays were performed in 24-well transwell chambers (BD Biosciences, Bedford, MA, USA) containing polycarbonate filters with 8-μm pores coated with Matrigel (BD Biosciences). First, the cells that were suspended in serum-free DMEM were added to the upper compartment of the chamber and medium containing 10% FBS was added to the lower compartment of the chamber. At the indicated timepoints, the number of cells that had migrated through the membrane and attached to the lower surface of the membrane was counted under a light microscope for a minimum of ten random visual fields. The migration assay was similar to the migration assay except that the upper side of the membranes was not coated with the Matrigel.

Immunofluorescence staining
---------------------------

The cells were grown on the sterile coverslips, and the cells were fixed with 4% paraformaldehyde and permeabilized using 0.1% Triton-X100. Cells were blocked with rabbit anti-Ki67 antibody followed by hodamine-conjugated anti-rabbit secondary antibody. Finally, the cells were further stained with 4, 6-diami-dino-2-pheny-lindole (DAPI).

*In vivo* tumorigenesis and metastasis assays
---------------------------------------------

The *in vivo* tumorigenesis and metastasis assays were performed, as previously described.^[@bib6],\ [@bib42]^ Briefly, 1 × 10^6^ cells were injected subcutaneously into the right flanks of severe combined immunodeficient (SCID) mice. For the T47D cells, a 17β-estradiol pellet (Innovative Research of America, Sarasota, FL) was implanted 2 days before cell injection. Tumor length (*L*) and width (*W*) were measured every 3 days, and tumor volume was calculated using the equation: volume=(*W*^2^ × *L*)/2. To produce the lung metastasis model, 5 × 10^5^ cells were injected into the lateral tail veins of female SCID mice. After 6 weeks, the mice were killed and the lung tissues were harvested for use in further experiments. All of the animal experiments were performed with the approval of the Shandong University Animal Care and Use Committee.

Statistical analysis
--------------------

The results were analyzed using SPSS 18.0 software (Chicago, IL, USA). Each experiment was repeated a minimum of three times. A two-tailed *t*-test was used to determine statistical significance. The results were presented as the means±S.D. *P*-values\<0.05 were considered to be statistically significant.
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![Expression of *BRCC2* in breast cancer tissues and the transfection efficiency of *BRCC2* in breast cancer cell lines. (**a**) *BRCC2* protein levels in tumor tissues and matched normal tissue lesions, as assessed using western blotting analyses. (**b**) The transfection efficiency of *BRCC2* was analyzed by measuring protein levels by western blotting. (**c**) The transfection efficiency of *BRCC2* was analyzed by measuring transcript levels using RT-PCR analyses. β-actin was used as a loading control. The expression of each protein was quantified as the densitometry value analyzed by SPSS 18.0 software. The data represent the means±S.D. of three independent experiments \*\*\**P*\<0.001](cddis2013290f1){#fig1}

![Effects of *BRCC2* on proliferation in breast cancer cell lines. (**a**) Cell proliferation after *BRCC2* overexpression in MDA-MB-231 cells was measured using MTT assays. (**b**) Cell proliferation after *BRCC2* knockdown in T47D cells was measured using MTT assays. (**c**) The results of colony formation assays that were conducted in *BRCC2-*transfected breast cancer cell lines. (**d**) The summary graphs are presented for the colony formation assay that was outlined in **c**. The data represent the means±S.D. of three independent experiments \*\*\**P*\<0.001](cddis2013290f2){#fig2}

![Effects of BRCC2 on Ki67 in breast cancer cell lines. (**a**) Immunofluorescence staining of Ki67 in MDA-MB-231-transfected cell lines. (**b**) Immunofluorescence staining of Ki67 in T47D-transfected cell lines. The percentage of Ki67-positive staining were counted and analyzed by a two-tailed Student\'s *t*-test](cddis2013290f3){#fig3}

![Effects of *BRCC2* on invasion and migration in breast cancer cells. (**a**) Migration ability was measured using Transwell assays in *BRCC2*-transfected MDA-MB-231 and T47D cells. (**b**) The summary graphs are presented for the experiment that was outlined in **a**. (**c**) Invasion ability was measured in *BRCC2*-transfected MDA-MB-231 and T47D cells. (**d**) The summary graphs are presented for the experiment that was outlined in **c**. The data represent the mean number of cells per field and are presented as the means±S.D. \*\**P*\<0.01, \*\*\**P*\<0.001](cddis2013290f4){#fig4}

![*BRCC2* inhibited tumorigenesis and metastasis *in vivo*. (**a**) Growth curves of mammary tumors after the injection of *BRCC2*-overexpressing MDA-MB-231 and control cells into SCID mice. The error bars represent the means±S.D. (*n*=6). (**b**) Growth curves of mammary tumors after the injection of *BRCC2*-silenced T47D and control cells into SCID mice. The error bars represent the means±S.D. (*n*=6). (**c**) Representative tumors are presented from the experiments that were outlined in **a** and **b**. (**d**) Representative lungs that were harvested from the mice that had been injected in the lateral tail veins. (**e**) Representative hematoxylin and eosin staining of lung sections (magnification, × 40). The right panel is the high magnification (magnification, × 100) image for the picture that is marked in the box. Each group consisted of ten mice](cddis2013290f5){#fig5}

![The effects of *BRCC2* on the Akt pathway. (**a**) The expression of Akt and the phosphorylation of Akt at Ser 473 and Thr 308 in *BRCC2*-transfected cells were examined using western blotting. β-actin was used as a loading control. The expression of each protein was quantified as the densitometry value analyzed by SPSS 18.0 software. (**b**) The summary graphs show the migration ability of *BRCC2* knockdown T47D and its control cells after the cells had been pretreated with the Akt inhibitor LY294002 (100 nM). (**c**) The transfection efficiency of Akt siRNA 24 h after transfection was measured using western blot analyses. β-Actin was used as a loading control. The expression of each protein was quantified as the densitometry value analyzed by SPSS 18.0 software. (**d**) The summary graphs show the migration ability of *BRCC2* knockdown T47D and its control cells after the cells had been transfected with Akt siRNA and its negative control. The data represent the mean number of cells per field and are presented as the means±S.D. \*\**P*\<0.01, \*\*\**P*\<0.001](cddis2013290f6){#fig6}

![*BRCC2* inhibited migration and invasion via the Akt-mediated MMP-2 and MMP-9 pathways. (**a**) The levels of MMP-2 and MMP-9 in *BRCC2*-transfected breast cancer cell lines were detected by RT-PCR analyses. (**b**) The levels of MMP-2 and MMP-9 were examined using RT-PCT analyses after the cells had been pretreated with the Akt inhibitor LY294002 (100 nM). (**c**) The levels of MMP-2 and MMP-9 were examined using RT-PCR analyses after the cells had been transfected with Akt siRNA and its negative control. The data represent the means ±S.D. of at least three independent experiments \*\**P*\<0.01, \*\*\**P*\<0.001](cddis2013290f7){#fig7}
